The metal-based noble gas compounds exhibit interesting behavior of electronic valence states under pressure. For example, Xe upon compression can gain electrons from the alkali metal, or lose electrons unexpectedly to Fe and Ni, toward formation of stable metal compounds. In addition, the Na 2 He is not even stabilized by the local chemical bonds but via the long-range Coulomb interactions. Herein, by using the first-principles calculations and the unbiased structure searching techniques, we uncover that the transition metal Y is able to react with Xe above 60 GPa within various Y-Xe stochiometries, namely the YXe, YXe 2 , YXe 3 and Y 3 Xe structures. Surprisingly, it is found that all the resulting compounds are intermetallic and Xe atoms are positively charged. We also argue that the pressure-induced changes of the energy orbital filling are responsible for the electron transfer from Xe to Y.
Introduction
The noble gas (NG) elements (e.g. He, Ne, Ar, Kr and Xe) are historically known as inert elements due to their low level of reactivity arising from the completely filled outermost electron shells (the closed subshell configuration). However, since the first experimentally proved synthesis of the metal-based NG compound by Bartlett 1 , many sodium (as well as its oxide) with helium were reported to be stable under pressure [30] [31] . Therein, helium shows new chemistry under pressure, and does not lose electrons nor form any chemical bonds in the Na 2 He and Na 2 OHe compounds, suggesting the long-range Coulomb interactions to be responsible for the formation of these compounds 31 . In this regard, the electronic valence state of metal in the pressureinduced metal-based NG compounds exhibits some degree of uncertainty, providing a very broad scenario which still awaits further investigation.
In this context, the compressed compounds of NGs and transition metals appear as a particularly interesting systems. Of special attention to us are the Xe-Fe(Ni) [28] [29] compounds, where Fe(Ni) does not behave as a usual metal under pressure and surprisingly plays a role of an oxidant (in contrast to Li, Cs and Mg). Nonetheless, we note that the transition metal family has a relatively large number of members with similar properties to Fe(Ni). Therefore, two natural questions concerning the metal- In the present work, motivated by the above reasoning, we extensively explore the high-pressure phase diagram of Y-Xe systems up to 200 GPa by using the CALYPSO structural searching method [32] [33] [34] . Such method for crystal structure prediction is chosen due to its well-proven accuracy for various systems [35] [36] [37] [38] [39] . In its framework we attempt to uncover that when mixing Xe with Y under high pressure, the thermodynamically stable compounds with various stoichiometries can be formed.
Next, the predicted structures are comprehensively analyzed with respect to their structural and electronic properties, toward further examination of the potential nonconventional behavior.
Computational Methods
In the present paper, the structure search for the Y-Xe systems is performed by using the particle-swarm optimization method, as implemented in the CALYPSO code [32] [33] [34] . The computations are carried out from one up to four formula units per simulation cell at 50, 100, 150, and 200 GPa, respectively. All the structural relaxations and the electronic calculations are conducted in the framework of density functional theory within the projector augmented wave (PAW) method 40 , by using the Vienna ab initio simulation package (VASP). [41] [42] 
Results and discussion
To Li-Xe compounds 54 under pressure. As depicted in Fig.5 , we can see that the 5s, 5p
and 5d orbitals of Xeon atoms are higher in energies than the 5d orbitals of Y atoms on the whole, an effect which promotes the electron transfer from the Xe to Y atoms.
Furthermore, we notice that the Xe atoms of the predicted structures show different coordination number. In particular, the coordination numbers of the Xe atom in the Pbam, Pnnm, and I4/mmm symmetry are four, eight and twelve, respectively, as shown in Fig.4 . For the YXe 3 -I4/mmm stoichiometry, we notice that four Y atoms and two Xe atoms compose a unique octahedron unit, the similar structure is also found for the YXe 3 P4/mmm phase. In addition to the unique octahedron unit, another body-centered like unit, with one Y and one Xe atom, is found for the P4/mmm phase.
For both described types of unit cell, it can be clearly seen from the CDC of Y-Xe compounds that Xe atoms loses electron and transfers it to Y atoms.
Further, we investigate the structural characteristics of the energetically most favorable YXe Pbam phase, and found that if the Xe and Y atoms are arranged in line along the <110> direction, then the Pbam phase changes into the CsCl-like structure.
In fact, the CsCl is also found to be a stable phase for the sibling Xe-Li and Mg-Xe systems under pressure [25] [26] . Thus, it is argued that the Pbam phase can be regarded as a distorted CsCl structure. Of course, the distortions in YXe-Pbam will increase the Coulomb repulsion energy among the atoms, but if the distortions lead to the changes of the crystal electronic structure and the one-electron energy sum is reduced, then the distorted structure may become stable. The mentioned above phase transition mechanism is known as the Peierls mechanism 56 . To reveal the origin of distortions in 
Conclusions
In the present study, the phase stability of Y-Xe binary systems is examined in 
